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[57] ABSTRACT
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of the image information signal into a plurality of
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1 :
IMAGE INFORMATION SIGNAL TRANSMITTING
SYSTEM

This application is a continuation, of application Ser.
No. 932,662, filed Nov. 19, 1986 now abandoned.

BACKGROUND OF THE INVENTION:

1. Field of the Invention:

This invention relates to an image information trans-
mitting system and more particularly to a system for
continuously transmitting a temporally correlated
group of image planes.

2. Description of the Related Art:

In transmitting information such as image informa-
tion, it is always the theme of efforts to reproduce the
original information with a higher degree of fidelity
with a smaller amount of transmitting information.
Hence, varied kinds of transmission methods have been
proposed for this purpose.

These methods include adaptive type variable density
sampling methods of appropriately changing sampling
density, that is, varying the density of information being
transmitted. An example of this method has been dis-
closed and known by the name of a time axis transform-
ing band compressing method (hereinafter referred to as
TA'T method). The TAT method is briefly described
below:

FIG. 1 of the accompanying drawings shows the
fundamental concept of the TAT method. An original
signal is divided as indicated by broken lines into blocks
by a predetermined period of time. The information
contained in the original signal within each divided
block 1s checked to discriminate its degree of density.
When any of the blocks is thus found to be dense, data
obtained by sampling the original signal of the block is
completely transmitted as transmitted data. For a block
determined to be sparse, only a portion of data is trans-
mitted while the rest 1s regarded as thinned-out data and
is not transmitted.

The arrangement according to this concept decreases
the amount of data to be transmitted per unit time and
thus permits the transmitted signal to be band com-
pressed. The data thus transmitted is used by the receiv-
ing side for forming data corresponding to the thinned-
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out data. In other words, some interpolation data which -

is in proximity to the thinned-out data is obtained by
computation by using the transmitted data. Since the

interpolation data corresponds to a sparse part of the

information signal, it is in close proximity to the
thinned-out data. Compared with a case where the
whole data i1s transmitted, the interpolating arrange-
ment gives a restored signal with a fairly high degree of
fidelity to the original signal while the transmission
band can be reduced to a great degree by the arrange-
ment. In other words, the amount of information to be
transmitted is reduced by the arrangement.

Meanwhile, the elaborateness or fineness of the origt-
nal signal within each of the divided blocks are exam-
ined in making a discrimination between transmitting
‘the whole sampling data and transmitting just a portion
thereof. Information on the result of this discrimination
is also transmitted along with the transmitted data as
transmission mode information.

In the case of image information, transmission ac-
cording to the above-stated concept is performed in the
following manner: The image information has a two-di-
mensional spread and has a correlativity between hori-
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zontal and vertical directions. Therefore, transmission
of image information can be more effectively accom-
plished by arranging the intervals of sampling to be
variable not only in the horizontal direction but also in

the vertical direction. This idea will be called the two-

dimensional TAT method. The following is the brief
description of the two-dimensional TAT method:

FIG. 2 is a data transmission pattern of the two-di-
mensional TAT method. In this method, one picture
plane is divided into a plurality of picture element
blocks. Each of the divided blocks consists of anm X n.
number of picture elements. The transmitted data den-
sity of one picture element block is arranged to be vari-
able from another and independently of another. In the
case of FIG. 2, each picture element block consists of 4
X 4 picture elements and is arranged to be transmissible
in two different transmission modes. In FIG. 2, each
mark () represents a picture element to be transmit-
ted and another mark “X” a picture element to be
thinned out. A reference symbol E denotes a transmis-
sion pattern in which data of all the picture elements is
transmitted; and another symbol C a pattern in which
only a portion of data of all the picture elements within
one block is transmitted. Hereinafter, the mode of trans-
mission in the former pattern will be called the E mode
and transmission in the latter the C mode respectively.
As apparent from the illustration, data is transmitted in
the C mode with 1 of the information transmitting den-
sity of the E mode. In the case of the C mode, the origi-
nal image plane is restored by forming interpolating
picture element data for each of the thinned-out picture
elements on the basis of the transmitted data represent-
ing a picture element located near to the thinned-out
one within the same picture element block. A system for
carrying out the two-dimensional TAT method is ar-
ranged as described below with reference to FIG. 3:

FIG. 3 is a block diagram showing by way of example
an analog transmission system. An incoming image
signal is sampled for all the picture elements thereof by
an analog-to-digital (hereinafter referred to A/D) con-
verter 1. By this, data for all the picture elements is
generated. This all-picture-element data is supplied to a
thinning-out circuit 2. The thinning-out circuit 2 per-
forms a thinning-out operation in a manner correspond-
ing to the C mode pattern shown in FIG. 2. The circuit
2 thus produces C mode picture element data. The C
mode picture element data is supplied to an interpola-
tion circuit 3, which performs computing operation to
obtain interpolation picture element data corresponding
to the thinned-out picture elements. The interpolation
picture element data is supplied to a mode discrimina-
tion circuit 4 together with the all-picture-element data
produced from the A/D converter 1. Then, each pic-
ture element block i1s determined whether it is to be
transmitted in the C mode or in the E mode. At the
mode discrimination circuit 4, computation Is per-
formed for each of the picture element blocks to obtain
a difference between the picture element data produced
from the A/D converter 1 and the interpolation picture
element data. The sum of the difference (hereinafter
referred to as a block distortion) is computed for every
picture element block and then a total difference thus
obtained for one field portion of the signal is stored in a
memory.

Before arrival of the data of a next field, the distribu-
tion of block distortions of all the picture element
blocks is thus obtained. In this instance, the ratio of the
number of picture element blocks to be transmitted in



3
the C mode to that of the picture element blocks to be
transmitted in the E mode must be arranged to be un-
varying to fix the rate of compression. For example,
assuming that # of all the picture element blocks are to
be transmitted in the C mode and 3 of these blocks to be
transmitted in the E mode, a total number of transmis-
sion data (or the rate of compression) becomes
(5 X1+3X1=)4. Therefore, in accordance with the
distribution of the block distortion covering all the
picture element blocks, a threshold value of distortion is
predetermined for determining a boundary between the
C mode and the E mode.

Following this, at the time of arrival of the incoming
image signal for the next field, the stored block distor-
tion values are read out one after another and compared
with the threshold value to determine thereby the trans-
mission mode to be selected. In case that the read out
distortion value coincides with the threshold value, the
transmission mode is determined in such a manner that
the number of the picture element blocks to be transmit-
ted in the C mode and that of the blocks to be transmit-
ted in the E mode are in the predetermined ratio. The
mode discrimination circuit 4 produces a mode discrim-
ination signal representing the determined transmission
mode.

The mode discrimination signal which is thus ob-
tained in the above-stated manner is supplied to a switch
7. Then, the picture element data 1s selectively read out
from a buffer 5 which is provided for the picture ele-
ment data of the E mode and a buffer 6 which is for the
picture element data of the C mode. The output of the
switch 7 is supplied as the transmission data to a digital-
to-analog (ID/A) converter 8 to be converted back into
an analog picture element signal. This signal is then
produced to a transmission line. Further, the mode
discrimination signal is also produced to the transmis-
sion line via a buffer 9 as a mode information signal.

FIG. 4 shows in outline the arrangement of the re-
ceiving side of the two-dimensional TAT transmission
system. The picture element signal which has been
processed in the manner as described in the foregoing
and supplied via the transmission line is received at an
A/D converter 10 to be converted back into a digital

picture element data. The output of the A/D converter .

10 1s supplied to a C mode interpolation circuit 11. The
circuit 11 performs a computing operation to obtain
interpolation data corresponding to the thinned-out
picture element data in the C mode.

Meanwhile, the transmitted mode discrimination sig-
nal or mode information signal controls a switch 12.

4,947,448
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~ tional picture region. Meanwhile, in the still region on
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the image plane, there is a high correlativity in the time
axial direction. A method of utilizing this correlativity
in the time axial direction has recently advanced.

However, in the transmission system of the above-
stated two-dimensional TAT method, image planes
having temporal correlation among them is arranged to
be continuously transmitted even for a still picture part
having a high degree of temporal correlation without
making any distinction between still part and a motional
part of each image plane during the continuous trans-
mission of a temporally correlated group of image
planes. Therefore, in the event of a still picture part
having an extremely high degree of correlativity among
image planes on the time base, transmission of similar
image information signals are uncecessarily repeated
many times. This results in a very poor transmission
efficiency.

Further, to solve this problem, it is conceivable to
have an additional transmission mode in which a group
of image planes is transmitted by utilizing the cor-
relativity of images in the time base direction. In that
event, however, the increase in the number of transmis-
sion modes inevitably causes an increase in the amount
of transmission mode information to be transmitted.

SUMMARY OF THE INVENTION

It is a general object of this invention to provide an
image information signal transmission system capable of
solving the above-stated problems of the prior art.

It is a more specific object of this invention to provide .
an image information signal transmission system capa-
ble of performing efficient transmission by determining
a transmission mode for an image plane portion of the
image information signal to be next transmitted accord-
ing to a transmission mode used for another image plane
portion of the image information signal already trans-
mitted.

Under this object, an image information signal trans-
mitting system which is arranged according to this
invention as an embodiment thereof to transmit an
image information signal which continuously forms a
group of image planes having temporal correlativity
among them comprises: dividing means for dividing

~ each image plane portion of the image information sig-

50

The connecting position of the switch 12 is shifted to its

one side E when the stgnal indicates the E mode and to
the other side C thereof when the signal indicates the C
mode. Through this swiich 12, the whole picture ele-
ment data including the E mode picture element data,
the C mode picture element data and the interpolation
picture element data is stored gradually at a frame mem-
ory 13. The stored data is read out from the frame mem-
ory 13 in a sequence, for example, according to a televi-
sion signal. The read out data is produced via a D/A
converter 14 to become an image signal.

As described above, the image information can be
effectively transmitted by the transmission system oper-
ating according to the two-dimensional TAT method.
However, when a television signal which is obtained in
the manner described above is displayed, deterioration
becomes conspicuous in resolution in a still picture

35

65

region although the resolution is acceptable in a mo-

nal into a plurality of blocks; information transmitting
mode determining means for determining, for every
divided block included in each of the image planes, the
adoption of one of a plurality of information transmit-
ting modes provided for different information transmit-
ting density values; and determining action control
means for controlling the determining action of the
information transmitting mode determining means to
have one of the information transmitting modes deter-
mined for each of the plurality of blocks of a presently
transmitting image plane portion of the signal deter-
mined at least according to the information transmitting
modes which have already been determined by the
information transmitting mode determining means for
the plurality of blocks of the previous image plane.

It is another object of this invention to provide an
image information signal transmitting system which is
capable of performing a transmitting operation with
improved efficiency by skipping a part of the image
information signal by utilizing a part of an image plane
portion of the image information signal previously

transmitted.



4,947,448

S

Under that object, an image information signal trans-
mitting system which is arranged according to this
invention as another embodiment thereof to transmit an
information signal which continuously forms a group of
image planes having temporal correlativity among them
comprises: storing means arranged to store every one-
image-plane portion of the image information signal and
to be capable of producing each of said plurality of
one-image-plane portions by dividing it into a plurality
of blocks; and information transmitting mode determin-
ing means arranged to determine, for each of the plurai-
ity of blocks of every image plane, one of a plurality of
information transmitting modes provided for different
information transmitting density values including a
mode in which a present image plane portion of the
image information signal is not transmitted and to sup-
ply a rewriting control signal to the storing means to
cause the latter not to write in the image information
signal at least for the blocks allocated to the information
transmitting mode not transmitting the present image
plane portion of the image information signal among all
the blocks stored at said storing means.

It 1s a further object of this invention to provide an
image information signal transmitting system which, in
transmitting an image information signal in a transmit-
ting mode utilizing the temporal correlativity of the
image information signal, is capable of transmitting the
signal without necessitating transmission of any addi-
tional information signal for indicating the above-stated
transmission mode. To attain this object, an image infor-
mation transmitting system arranged according to this
invention as a further embodiment thereof to transmit
an image information signal continuously forming a
temporally correlated image planes comprises:

A transmitting device including dividing means for
dividing each image plane portion of the image informa-
tion signal into a plurality of blocks; first transmitting
means which is capable of transmitting the image infor-
mation signal for each of the plurality of blocks ob-
tained by the dividing means in a first degree of infor-
mation density; second transmitting means which is
capable of transmitting the image information signal for
each of the plurality of blocks in a second degree of
information density which is lower than the first degree
of information density; information transmitting mode
determining means which is arranged to detect the de-
gree of the temporal correlativity of the image informa-
tion signal for each of the plurality of blocks obtained
by the dividing means and to determine in accordance
with the detected degree of correlativity whether each
of the plurality of blocks is to be transmitted by the first
transmitting means or to be transmitted by the second
transmitting means; and transmitting means arranged to
generate a transmission mode signal indicative of the
transmitting means employed for transmitting the image
information signal and to transmit the transmitting
mode signal along with the image information signal.
The system further comprises:

A receiving device including interpolating means
arranged to perform, according to the transmitting
mode signal received from the transmitting means, an
information signal interpolating process on the image
information signal which is transmitted in the second
information density by the second transmitting means
and to produce the interpolated image information sig-
nal; first storing means arranged to be capable of storing
each one-image-plane portion of the image information
signal produced from said interpolating means; first
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thinning-out means arranged to perform an information
thinning-out process according to the transmitting
mode signal from the transmitting means on the image
information signal transmitted in the first degree of
information density by the first transmitting means;
second storing means arranged to be capable of storing
each one-image-plane portion of the image information
signal produced from said first thinning-out means; first
correlativity data generating means arranged to detect,
for every block, a degree of correlativity between the
present image plane portion of the image information
signal produced from the first thinning-out means and
the preceding image plane portion of the image infor-
mation signal stored at the second storing means and to
generate first correlativity data for every block accord-
ing to the detected degree of correlativity; and writing
control means arranged to control, for every block,
image information signal wntmg actions on the first and
second storing means by using the transmitting mode
signal received from the transmitting means and the first
correlativity data generated by the first correlatw:ty
data generatmg means. )

It is a further object of this invention to prowde an
image information signal transmitting system which is
capable of stably transmitting an image information
signal in one of transmission modes utilizing the tem-
poral correlativity thereof without necessitating trans-
mission of any additional information signal for indicat-
ing the transmitting mode employed and without being
affected by any distortion and noises arising in a trans-
mission line. To attain that object, an image information
transmitting system arranged according to this inven-
tion as a further embodiment thereof to transmit an
image information signal which continuously forms a
temporally correlated image planes comprises: dividing
means for dividing each image plane portion of the
incoming image information signal into a plurality of
blocks; first storing means arranged to store the image
information signal of image planes already received by
dividing the signal into one-image-plane portions and
by further dividing each image-plane portion of the
signal into a plurality of blocks; first transmitting means
arranged to be capable of transmitting the image infor-
mation signal for each of the plurality of blocks in a first
degree of information density; second transmitting
means arranged to be capable of transmitting the image
information signal for each of the plurality of blocks
obtained from the dividing means in a second degree of
information density which is lower than the first degree;
third transmitting means arranged to be capable of
transmitting for each of the plurality of blocks the
image information signal stored at the first storing
means; information transmitting mode determining
means arranged, for each of the plurality of blocks ob-
tained by the dividing means, to detect the degree of

correlativity of the image information signal and to

determine whether the image information signal is to be
transmitted by the first transmitting means or by the
second transmitting means or whether the signal is to be
transmitted by the third transmitting means; and trans-
mitting means arranged to generate a transmitting mode
signal indicative of whether the image information sig-
nal is transmitted by the transmitting means in the first
degree of information density or in the second informa-
tion density determined by the information transmitting
mode determining means and to transmit the transmit-
ting mode signal along with the image information sig-
nal.
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The above and other objects and features of the in-
vention will become apparent from the following de-
tailed description of embodiments thereof taken in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration of the basic concept of the
TA'T method.

FIG. 2 is an illustration of the data transmitting pat-
tern of the two-dimensional TAT method.

FIG. 3 is a block diagram showing in outline the
arrangement of the transmitter side of a transmission
system embodying the two-dimensional TA'T method.

FIG. 4 is a block diagram showing in outline the
arrangement of the receiver side of the same transmis-
sion system. |

FIG. 5 1s a block diagram showing in outline the
arrangement of the transmitter side of a transmission
system arranged as a first embodiment of this invention.

FIG. 6 1s an illustration of mode allocation in relation
to block distortions Dp and Dec.

FIG. 7 is an illustration of changes taking place in a
mode allocating ratio according to the state of the im-
age.

FIG. 8 is a block diagram showing in outline the
arrangement of the receiver side of the transmission
system arranged as the first embodiment of this inven-
tion.

FIG. 9 1s an illustration of variations taking place in
the mode allocation ratio when a mode information
signal indicative of a mode P 1s transmitted in the first
embodiment.

FIG. 10 is an illustration showing changes in modes
when the whole image plane is a still picture area.

FIG. 11 is a flow chart showing the operation of a
mode discrimination circuit of the first embodiment of
this invention arranged to make mode allocation by
utilizing the transmitting mode employed for a preced-
ing image plane.

FIG. 12(A) shows a relation between information on
each mode assigned to a preceding image plane and a
reading action on a frame memory. |

FIG. 12(B) shows a relation between information on
ecach mode assigned to the present image plane and a
writing action on the frame memory.

FIG. 13 1s a block diagram showing in outline the
arrangement of the transmitter side of a transmission
system arranged as a second embodiment of this inven-
tion. |

FIG. 14 is a block diagram showing the outline of the
receiver side of the second embodiment.

FIG. 15 1s an illustration of the distribution of a basic
picture element distortion Db taking place in the ar-
rangement shown in FIG. 14.

FIG. 16 i1s a block diagram showing in outline the
arrangement of the transmitter side of a transmission
system arranged as a third embodiment of this inven-
tion.

FIG. 17 1s a block diagram showing the outline of the
- receiver side of the third embodiment.

FIG. 18 1s an illustration of the distribution of a basic
picture element distortion Db of the arrangement

shown in FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A transmission system described here as a first em-
bodiment of this invention employs the two-dimen-
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sional TAT method mentioned in the foregoing and, in
addition to that, is arranged to reduce the number of
transmitting data by utilizing the temporal correlativity

“of the image information. The embodiment, therefore,

may be called a three-dimensional TAT system. In the
case of this three-dimensional TAT system, picture
quality is arranged to be further increased with the same
amount of data transmitted as in the case of the two-di-
mensional TAT method by taking the advantage of the
fact that the receiver side of the system is not required
to renew picture element data for the still or unmoving
parts of the image planes. The basic concept of this
embodiment is as follows: With regard to the picture
element data included in a still picture part, once all the
picture element data of an image plane is transmitted,
the still picture element data block in the ensuing image
planes is not transmitted in transmitting the ensuing

 image planes and the data transmitted is used repeatedly
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for the ensuing image planes. The transmitting mode in
which the picture element data of an image plane previ-
ously transmitted is no longer transmitted and is skipped
over hereinafter will be called the mode p. Further, for
distinction from the two-dimensional TAT method, the
transmitting modes which correspond to the modes E
and C of the two-dimensional TAT method hereinafter
will be called the modes e and c respectively.

In transmitting the same amount of data as in the case
of the two-dimensional TAT method, the arrangement
to increase the number of picture element blocks to be
transmitted in the mode p enables high information
density picture element blocks among the remaining
picture element blocks to be transmitted in the mode e.
Therefore, on the side of the signal receiver, the number
of picture element blocks giving a high degree of resolu-
tion can be increased according as the still picture area
increases. This permits further improvement in the re-
produced picture quality.

FIG. § shows in outline the arrangement of the trans-
mitter of a transmission system arranged as the first
embodiment of this invention. In this case, the invention
is applied to an analog transmission system. In FIG. 5,
the data of a preceding image plane is indicated by
double lines and that of a present image plane by a
single line. An incoming analog image or video signal is
converted into a digital signal by an analog-to-digital
converter 100 (hereinafter referred to as A/D con-
verter). By this, the whole picture element data is pro-
duced. Like in the case of the two-dimensional TAT
method, the whole picture element data is supplied to a
thinning-out or skipping circuit 101. The circuit 101
performs a thinning-out process corresponding to the C
mode pattern. By this process, picture element data in

- the mode c, i.e. basic picture element data, is obtained.

The mode c picture element data is supplied to an inter-
polation circuit 102, which performs a computing oper-
ation for obtaining interpolating picture element data
corresponding to the skipped or thinned out data.

A process of determining one of the three modes e, c
and p to be employed in transmitting each picture ele-
ment block 1s arranged to be performed as follows: The
process can be roughly divided into two stages. In the
first stage, a difference in the reproduced picture ele-
ment data between the mode e transmission and the
mode c¢ transmission is computed by using the output of
the A/D converter 100 and the output of the interpola-
tion circuit 102 in the same manner as in the case of the
two-dimensional TAT method. A total of this differ-
ence for each picture element block (hereinafter re-
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ferred to as block distortion Dc) is then computed by a
block distortion Dc computing circuit 103. Meanwhile,
a difference between each picture element data of a
previously transmitted image plane stored at a frame
memory 104 and that of the present image plane is com-
puted. A total of this difference for every picture ele-
ment block (hereinafter referred to as block distortion

Dp is likewise computed by a block distortion Dp com-

puting circuit 105. Then, the block distortion Dc and
the block distortion Dp are compared by a comparator
106.

In other words, the comparator 106 detects, for every
picture element block, which of the mode ¢ transmis-
sion and the mode p transmission is capable of repro-
ducing an image plane with better fidelity relative to an
image plane reproducible by mode e transmission. In
the case of Dc>Dp, the mode c is not employed. The
mode p is not employed in the case of Dc<Dp. The
comparator 106 produces data (Dc/Dp) indicative of
which of the distortion values Dc and Dp is larger and,

along with it, also supplies information on the smaller

value as a composite block distortion Dm to a mode
discrimination circuit 107.

In the second stage, the mode e is allocated at the
mode discrimination circuit 107 to a predetermined
number of picture element blocks one after another in
the order of larger Dm value. In the same manner as in

the case of the two-dimensional TAT method, this allo-

cation or assigning process 1s carried out in the follow-

ing manner: A threshold value of the composite block 30

distortion Dm 1s first obtained on the basis of the distri-
bution of the distortion Dm among all the picture ele-
ment blocks. The mode e is assigned to the picture
element blocks having higher values of Dm than the
threshold value. The modes other than the mode e are
assigned when the value Dm is smaller than the thresh-
old value. With the value Dm not exceeding the thresh-
old value, the mode ¢ is assigned if Dp>Dc and the
mode p if Dp <Dc. The mode discrimination circuit 107
then produces along with the above-stated data Dc/Dp
data e/e indicative of whether the mode e or the mode
other than the mode e is assigned.

The following description shows how the transmit-
ting mode varies with the image to be transmitted and
how the information on the transmitting mode previ-
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ously allocated is utilized in determining information on

the transmitting mode to be employed:

The effect of the three-dimensional TAT processing
system is most advantageously attainable in the case of
a still picture, 1.e. in cases where the whole image plane
area remains still and motionless over several frames.
FIG. 10 shows by way of example a pattern of varia-
tions of transmitting modes taking place in the case of a
still picture in each image plane from the first frame
obtained at the rise of the system until completion of
high precision transmission of the whole area. In FIG.
10, each parenthesized figure under a mode indication
shows the ratio of blocks allocated to each transmitting
mode to the whole image plane. In the first frame, the
mode p 1s assigned to no block because no information
has been transmitted before that. Therefore, like in the
case of the two-dimensional TAT method, the mode c is

30
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60

assigned in the ratio of % and the mode e in the ratio of

4 for the first frame. |

In the second frame, since the whole of the first frame
is a still picture in this instance, the blocks allocated to
the mode e in the first frame change to be in the mode
p as indicated by an arrow tl in FIG. 10. Then, for the

65
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second frame, the mode e can be assigned to an area
which is not allocated to the mode e in the first frame.

In other words, for some of the blocks which are
transmitted in the mode c for the first frame, the mode
e is assigned to them one after another in the order of
larger value Dc in such a manner that } of all the blocks
of the image plane is transmitted in the mode e during
the second frame transmitting period as indicated by an
arrow t2. Meanwhile, the rest of the blocks which are
transmitted in the mode ¢ for the first frame remain in
the mode ¢ for the second frame as indicated by an
arrow t3. " |

In the third frame, the blocks to which the mode ¢ is
assigned in the second frame (3 of all the blocks) change
to be in the mode e as indicated by an arrow t6. In other
words, the mode p remains unchanged as indicated by
an arrow t4; the mode e changes to the mode p in the
same manner as in the case of the second frame as'indi-
cated by an arrow t5. Thus, % of all blocks are allocated
to the mode p while the remaining 4 change their mode
from the mode ¢ to the mode e. Through these steps, in
the fourth frame, all the blocks come to be reproduced
with a high degree of precision either in the mode e or
in the mode p. If the state of the still picture continues
for the frames ensuing the fourth frame, the image
planes are transmitted with the modes p and e remaining
unchanged from the state as indicated by arrows t7 and
t8 in FIG. 10. | o

With the mode in which the present image plane is to
be transmitted determined according to the transmitting
mode employed for the preceding image plane as de-
scribed above, transmission can be accomplished with a
high degree of efficiency.

FIG. 11 1s a flow chart showing by way of example
the operation of the mode discrimination circuit 107
which is thus arranged to determine the allocation of
the modes by utilizing the transmitting modes used for
the preceding image plane. Referring to FIG. 11, it is
during a first stage of process that the transmitting
modes for the present image plane are determined on
the basis of the mode information on the preceding
image plane. In a second stage of process, the operation -
is performed in about the same manner as in the two-di-

-mensional TAT method with the exception of that: In

this instance, in assigning the mode e, the block distor-
tion Dm is used in place of the block distortion Dc as
mentioned in the foregoing. |

More specifically, after the process for the second
frame as shown in FIG. 10, the mode discrimination
circuit 107 compares the block distortion Dp with the
block distortion Dc for the blocks transmitted either in
the mode e or in the mode p in the first stage of FIG. 11.
The mode c¢ or the mode p 1s assigned to these blocks
according to the result of comparison. For the blocks to
which the mode ¢ 1s assigned for the first frame, the
mode c is assigned. Then, in the second stage of FIG.
11, the mode e is assigned in accordance with the com-
posite block distortion Dm.

The mode assigning or allocating operation shown in
the flow chart of FIG. 11 is accomplished by using the
mode memory 115 which is shown in FIG. §. The mode
memory 115 is arranged to store one frame portion of
mode information for every block. The mode informa-
tion on the frame for which the mode allocation has
been completed is written in the memory 115 one from
after another beginning with the first frame. In deter-
mining the mode, the mode information on the preced-
ing image plane is first read out from the mode memory
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115 to discriminate the mode. If the read out mode
information indicates either the mode e or the mode p,
the assignment of the mode p or the mode ¢ to the
present image plane is determined according to the
result of comparison made between the block distor-
tions Dc and Dp which is received from the comparator
106. Following this, the assignment of the mode e is
determined according to the value of the composite
block distortion Dm which comes also from the com-
parator 106. The mode information determined in this
manner is supplied to the mode memory 115 to renew
the contents of the memory 115 accordingly.

In the transmitting system of this specific embodi-
ment, the above-stated data e/e is alone transmitted. At
that time, information indicating whether the picture
element transmitting mode other than the mode e is the
mode ¢ or the mode p is transmitted as picture element
data in the following manner: o |

For a picture element block to be transmitted in the
mode p, the basic picture element data of the preceding
image plane which is reproduced on the side of the
receiver is not transmitted. Further, the whole picture
element data of the preceding image plane reproduced
on the receiver side is stored at the frame memory 104.
The stored whole picture element data is thinned out by
the thinning-out or skipping circuit 108 in the same
manner as the thinning-out circuit 101. The basic pic-
ture element data of the preceding image plane 1s ob-
tained in this manner. Hereinafter the data thus obtained
from the thinning-out circuit 108 will be called the
-mode p picture element data. On the side of the re-
. ceiver, as will be mentioned later, if any picture element
block continues to have the same basic picture element
data among consecutively incoming image planes, the
picture element block corresponding to that specific
block in the ensuing image plane is regarded as to have
been transmitted in the mode p.

The data stored at the frame memory 104 is the whole
picture element data of the preceding image plane to be
reproduced on the side of the receiver. Therefore, with
regard to the picture element data of a picture element
block which is in the mode p in the preceding image
plane, a rewriting action on the data of the memory 104
must be inhibited. Further, assigning the mode p to a
picture element block which has been in the mode ¢ in
the preceding image plane gives no picture quality im-
proving effect. Therefore, the data rewriting action on
the frame memory 104 is necessary only when the mode
discrimination circuit 107 detects the mode e. In the
case of this embodiment, therefore, the rewriting action

on the memory 104 is controlled according to the data

e/e obtained from the mode discrimination circuit 7.
The details of the actions to write and read into and
out of the frame memory 104 are as follows: These
actions are controlled in different manners for the dif-
ferent modes according to the mode information on the
preceding image plane stored at the mode memory 115
and the mode information on the modes allocated to the
present image plane by the mode discrimination circuit
107. However, since any mode changing pattern that
either does not improve the quality of the image to be
transmitted or lowers the transmission efficiency is in-
hibited as mentioned above, any block that has been
allocated to the mode c is never reallocated to the mode
p for the present image plane. In other words, the block
to be allocated to the mode e for the present image
plane is either allocated to the mode p or the mode € in
the preceding image plane. The allocation of the mode
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p is determined by the mode discrimination circuit 107
according to the block distortions Dp and Dc as men-
tioned above. Therefore, in reading out the picture
element data of the preceding image plane from the
frame memory 104 for the purpose of computing the
block distortions Dp and Dc, the picture element data
reading manner varies with the mode information on
the preceding image plane as shown in FIG. 12(A). |
- FIG. 12(A) shows a correlation between the mode
information on the preceding image plane and actions to
be performed on the picture element data stored at the
frame memory 104. As shown, data is read out from the
frame memory 104 according to the mode information
about the preceding image plane and the modes are
assigned to the blocks of the present image plane in the
manner as mentioned above. Further, as shown in FIG.
12(A), no data is read out from the frame memory 104
when the mode information on the preceding image
plane is indicative of the mode c. In that event, there-
fore, the value of the block distortion Dp becomes
larger at the comparator 106 and the mode p is never
assigned for the present image plane.

The picture element data of the present image plane 1s
written into the frame memory 104 according to the
mode information on the present image plane deter-
mined in the above-stated manner.

FIG. 12(B) shows the correlation between the mode
information on the present image plane and a writing
action on the picture element data of the present image
plane into the frame memory 104. As shown, the picture
element data of the present image plane is not written in
the frame memory 104 with the exception of any block
of the present image plane that is indicated as in the
mode e by the mode information. Therefore, the picture
element data stored at the memory 104 is not renewed
and the data of the preceding image plane remains un-
changed there. Of the picture element data not re-
newed, the picture element data of a block of blocks
allocated to the mode p is thinned out by the thinning-
out or skipping circuit 108. Then, as mentioned in the
foregoing, the thinned out data is supplied to a buffer
109 thus to be used as mode p picture element data for
the purpose of detecting the mode p on the side of the
recelver.

The picture element data thus generated according to
the different modes is stored respectively at buffers 109,
110 and 111. These buffers 109, 110 and 111 respectively
produces the mode p picture element data, mode e pic-
ture element data and mode c picture element data.
These outputs of the buffers are selectively supplied by
a switch 113 to a digital-to-analog (ID/A) converter 114
as applicable according to the data e/e and the data
Dc/Dp. As a result of this arrangement, an analog pic-
ture element signal according to the three-dimensional
TAT transmission system is transmitted from the D/A
converter 114. Along with this signal, the data e/e is
also transmitted via another buffer 112 as mode infor-
mation.

The details of the mode allocating ratio determining
arrangement of the above-stated embodiment are as
follows: FIG. 6 shows mode allocation in relation to the
block distortions Dp and Dc. FI1G. 7 shows variations in
the allocating ratio taking place according to the state
of the image to be transmitted.

Referring to FIG. 6, the distortion Dp of the picture
element block becomes larger according as the motion
of the image increases. Meanwhile the distortion D¢ of
the picture element block increases according as the
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part having a high degree fineness increases. In other
words, a block that two-dimensionally has a high fre-
quency has a larger value of the distortion Dc. Further,
the data Dm is the value of one of the distortions Dc
and Dp having a smaller value between them. There-
fore, the data Dm of a picture element block having the
distortions Dc and Dp at a point Xc is obtained by
drawing a line perpendicularly to an axis Dc as shown
in FIG. 6. The data Dm of another picture element
block having the distortions Dc and Dp at another point
Xp is obtained on the axis Dc by drawing a line perpen-
dicularly to an axis Dp from the point Xp and by further
drawing a line from an intersection between this per-
pendicular line and a line Dc=Dp perpencidularly to
the axis Dc. Assuming that a threshold value T1 is
located on an axis Dm as shown in FIG. 6, a threshold
value T2 is located on the coordinates Dc and Dp as
shown in FIG. 6. The region of the mode e is thus
determined. In other words, the picture element blocks
having a high degree of fineness and showing active
motions are by and large transmitted in the mode e.
FIG. 7 shows the ratio in which each of the modes is
assigned or allocated on the assumption that the total
data compressing rate of each image plane is set at 3. In
this case, the amount of picture element data to be trans-
mitted in the mode p is 4 of the whole data and is as-
sumed to be equal to that of picture element data to be

transmitted in the mode c. Therefore, the number of

picture element blocks which can be transmitted in the

5

10

15

20

25

mode e is always 3 of the total number of the blocks of 30

each image plane. In FIG. 7, a part D indicates the
allocating ratio according to the two-dimensional TAT
method. In other words, if there is no correlativity
between the preceding and ensuing image planes in the
three-dimensional TAT transmission system, these
blocks are processed in the same manner as in the case
of the two-dimensional TAT method. However, in
transmitting completely still image planes, the number
of picture element blocks to be transmitted in the mode
¢ decreases and the same degree of resolution is ob-
tained as in the case of transmitting all the picture ele-
ment blocks in the mode e. In FIG. 7, the mode allocat-
ing ratio for an image plane is shown by the length of
line segments defined by points on a broken line A at
which the line A intersects regions e, ¢ and p represent-
ing the modes e, ¢ and p. The position of the broken line
A depends, as apparent from the description given in
the foregoing, on the temporal correlativity of the

image information to be transmitted.

FIG. 8 shows in outline the arrangement of the re-
ceiving side of the transmitting system embodying this
invention as the first embodiment thereof. The analog
picture element signal transmitted from the transmitter
side as shown in FIG. 5§ 1s received at an A/D converter
200 and is converted into digital data. A switch 208 is
arranged to be controlled by the mode information
which is also transmitted. For each of the picture ele-
ment blocks, the switch 205 allows all the picture ele-
ment data thereof to be produced as it is if the block is
transmitted in the mode e. In the event of transmission
in a mode other than the mode e, interpolation picture
element data formed by an interpolation circuit 204 is
produced through one side or terminal e of the switch
205. In this manner, whole picture element which is
based on the picture element data transmitted is pro-
duced from the switch 205 and is supplied to a frame
memory 206 which is provided for all the picture ele-
ments. Another switch 209 is arranged to produce via a
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thinning-out circuit 208 only the basic plcture element
data of each picture element block transmitted in the
mode e. Meanwhile, the basic picture element data of a
picture element block transmitted in a mode other than
the mode e is allowed to be produced as it is from the
switch 209. The switch 209 is also under the control of
the mode information transmitted. The switch 209 thus
produces the basic picture element data, which is then
supplied to a frame memory 201 whlch is arranged for
the basic picture elements.

A difference between the basic picture element data
produced from the switch 209 and the basic picture
element data of the preceding image plane which is
obtained from the frame memory 201 is computed. For
each of the picture element blocks, a total of the differ-
ence values thus obtained (hereinafter referred to as
block distortion Db is then obtained by computation
performed at a block distortion Db computing circuit
202. The block distortion data Db thus obtained is sup-
plied to a comparator 203. If the value Db is found to be
smaller than a threshold value TH by the comparator
203, the picture element block is determined to have
been transmitted in the mode p. Then, an information
signal p/p indicative of whether the picture element
data produced from the switches 205 and 209 is trans-
mitted in the mode p or in a mode other than the mode
p is supplied to frame memories 201 and 206.

Then, for a picture element block which is transmit-
ted in the mode p, a rewriting action on these frame
memories 201 and 206 is inhibited according to the
mode information signal p/p In that instance, the data of
the preceding image plane is retained as it 1s. An ade-
quately reproduced picture can be obtained if the re-
tained picture element datia is in the mode e. The data
stored at the frame memory 206 which is provided for
all the picture elements is thus renewed. Meanwhile, a
reading action is performed on a D/A converter 207.
The D/A converter 207 then produces an analog image
signal. With the transmitting system arranged in this
manner, an analog image signal of a high degree of
resolution can be obtained for a still part of the image
plane.

In the embodiment described, no mode information
signal indicative of the mode p is arranged to be trans-
mitted. This, however, may be modified to have the
mode p information signal transmitted and to have the
picture element data of the preceding image plane not
transmitted. In the case of this modification, the assign-
ing ratio among the modes e, c and p becomes as shown |
in FIG. 9 which is on the assumption that the compress-
ing rate is set at 3. As apparent from the drawing, the
transmission process is performed in the same manner as
in the case of the two-dimensional TAT method if there
is no correlation between the preceding and ensuing
image planes In the event of a high degree of cor-
relativity in the time base direction, the number of pic-
ture element blocks to be transmitted in the mode e
Increases.

In accordance with the arrangement of this embodi-

ment described, in consecutively transmitting a tempo-

rally correlated group of image planes, a mode in which
an image information signal is to be transmitted can be

- determined according to the mode in which a preceding
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image information has been transmitted, so that the
transmitting efficiency of the image information signal
transmitfing system can be enhanced.

A second embodiment of this invention is arranged as
described below:
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FIG. 13 shows 1n outline the arrangement of the
transmitter of a transmitting system arranged as the
second embodiment of this invention. In this example,
the invention is applied to an analog transmission sys-
tem. In FIG. 13, double lines indicate data of a preced-
ing image plane and single lines data of the present
image plane. An incoming analog image signal is con-
verted into a digital signal by an A/D converter 300.
The converter 300 thus produces whole picture element
data. The whole picture element data is supplied to the
thinning-out or skipping circuit 301 i1n the same manner
as in the case of the two-dimensional TAT method. The
circuit 301 performs a thinning out process correspond-
ing to the mode c pattern to obtain mode ¢ picture
element data (basic picture element data). Further, in
this case, basic picture element data for transmitting a
mode p information signal as will be described later 1s
also generated. The mode c¢ picture element data 1s
supplied to an interpolation circuit 302, which then
performs a computing operation to obtain interpolation
picture element data corresponding to the thinned-out
picture element data.

A process for determining and selecting one of the
three modes e, ¢ and p to be assigned to each picture
element block to be transmitted is performed in the
following manner: The output of the A/D converter
300 and the output of the interpolation circuit 302 are
used for computing a difference between reproduced
picture element data obtained by the mode ¢ transmis-
sion performed in the same manner as in the case of the
two-dimensional TAT method and reproduced picture
element data obtained by the mode ¢ transmission. A
total of the differences thus computed is obtained for
every picture element block (hereinafter referred to as
block distortion Dc¢) by a block distortion Dc comput-
ing circuit 303. Meanwhile, a block distortion Dp com-
puting circuit 305 is arranged to compute a difference
between each picture element data of a previously
transmitted image plane stored at a frame memory 304
and each picture element data of the present image
plane and to compute a total of the differences thus
computed for every picture element block (hereinafter
referred to as block distortion Dp). The block distor-
tions Dc and Dp which are thus obtained are compared
with each other by a comparator 306. In other words,
the comparator 306 i1s arranged to detect, for every
picture element block, which of the mode p transmis-
sion and the mode ¢ transmission will give a reproduced
image plane with better fidelity to the original image
plane in reference to a reproduced image plane obtain-
able by the mode e transmission. Therefore, the mode ¢
is not used in the case of Dc>Dp while the mode p 1s
not used in the case of Dc<Dp. The comparator 306
produces data Dc/Dp indicating which of the distor-
tions Dc and Dp i1s larger than the other. In addition to
this data Dc/Dp, the comparator 306 supplies informa-
tion on the value of the smaller of the distortions Dc and
Dp to a mode discrimination circuit 307 as composite
block distortion data Dm.

At the mode discrimination circuit 307, the mode e is
assigned to a predetermined number of picture element
blocks one after another in the order of larger value of
the data Dm. The assigning process is carried out, like
in the case of the two-dimensional TAT method, in the
following manner: A threshold value of the composite
block distortion Dm is first obtained on the basis of the
distribution of the distortion Dm along all the picture
element blocks. Then, the mode e is assigned to the
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picture element blocks having higher values of Dm than
the threshold value. The modes other than the mode e
are assigned when the value of Dm is smaller than the
threshold value. With the value Dm not exceeding the
threshold value, the mode c is assigned if Dp>Dc and
the mode p if Dp < Dc. After that, the mode discrimina-
tion circuit 307 produces, for each picture element
block, mode information indicating assignment of one
of the three modes e, ¢ and p. However, this specific
embodiment is arranged to transmit mode information
simply showing that the transmission is made in the
mode e or not in the mode e. Therefore, the mode infor-
mation is formed into digital data of one bit. The output
terminal of the mode discrimination circuit 307 thus
produces the data e/e in one bit as the mode informa-
tion. |

In other words, in this specific embodiment, only
one-bit digital data is transmitted as the mode informa-
tion just indicating whether each block is transmitted in
the mode e or in some other mode. Thus, no mode

 information is transmitted indicating the mode c or the

mode p. To make up for the absence of this information,
the receiving side of the system is arranged to be en-
abled to discriminate the mode p by receiving the basic
picture element data of the present image plane for
picture element blocks which are allocated to the mode
p within the present image plane.

The arrangement to transmit the basic picture ele-
ment data also for the picture element blocks allocated
to the mode p enables the system of this embodiment to
retain interchangeability with a two-dimensional TAT
system. Even if the mode p is mistaken for the mode ¢
on the side of the receiver, the picture element block
which is thus mistaken still can be reproduced in the
mode of ¢ by using the basic picture element data of the
mode p, so that a reproduced image can be saved from
being excessively degraded by the mistake. The basic
picture element data of the present image plane 1s ob-
tainable with the whole picture element data of the
incoming present image plane which 1s A/D converted
is thinned out by the thinning-out circuit 301 in the same
manner as in obtaining the mode c picture element data
as mentioned in the foregoing.

Buffers 308 and 309 are arranged to store picture
element data which is generated according to the differ-
ent transmitting modes in the above-stated manner. The
mode p picture element data, the mode e picture ele-
ment data and the mode c picture element data thus
obtained from the buffers 308 and 309 are supplied to a
switch 311 to be selectively supplied to a digital-to-
analog (D/A) converter 312. |

The switch 311 is arranged to perform a switching
operation under the control of mode information data
produced from the above-stated mode discrimination
circuit 307. More specifically, when data of “1” is pro-
duced from the output terminal of the mode discrimina-
tion circuit 307, the connecting position of the switch
311 is shifted to one side e thereof. The position of the
switch 311 is shifted to the other side e thereof when
data of “0” is produced from the circuit 307.

The mode discrimination circuit 307 is arranged to
produce the mode information data of one bit as men-
tioned in the foregoing. Therefore, the picture element
data is supplied from the buffers 308 and 309 to the D/A
converter 312 according to the mode information data.
Meanwhile, the mode information data indicating the
mode e or not the mode e which 1s produced 1n one bit
is transmitted via another buffer 310.
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In the second embodiment described, the mode allo-
cating or assigning ratio is set in the same manner as in
the case of the first embodiment. Therefore, the details
of the mode allocation are omitted from the description
given here.

FIG. 14 shows in outline the arrangement of the
receiving side of the transmitting system arranged as the
second embodiment of this invention. The analog pic-
ture element signal transmitted from the transmitting
side shown in FIG. 13 is converted into digital picture
element data at an A/D converter 400. A switch 405 is
controlled by the mode information signal which is also

transmitted from the transmitting side of the system.

Each of the picture element blocks that are transmitted
in the mode e is allowed to have all the picture element
data thereof to be produced through the switch 4085. In
case that the picture element block is transmitted in a
mode other than the mode e, interpolation picture ele-
ment data obtained through an interpolating process
performed by an interpolation circuit 404 is produced
via one side e of the switch 405. The switch 405 thus
supplies a frame memory 406 which is arranged for all
the picture elements with the whole picture element
data based on the picture element data transmitted.

Meanwhile another switch 409 i1s arranged to pro-
duce through a thinning-out circuit 408 only the basic
picture element data of the picture element blocks trans-
mitted in the mode e and to produce the basic picture
element data of the picture element blocks transmitted
in the modes other than the mode e without passing
through the circuit 408. This switch 409 is also under
the control of the mode information signal transmitted.
The switch 409 thus produces the basic picture element
data and supplies it to a frame memory 401 which is
provided for basic picture elements.

As mentioned in the foregoing, the transmitting side
shown in FIG. 13 is arranged not to transmit any mode
information on the modes ¢ and p. Therefore, the re-
ceiving side must be arranged to make a discrimination
between the modes ¢ and p upon receipt of the transmit-
ted picture element blocks and to inhibit any rewriting
action on the frame memories 401 and 406 for the pic-
ture element blocks which are transmitted in the mode
p. The discrimination between the modes ¢ and p which
must be made on the receiving side is arranged to be
accomplished in the following manner:

The transmitting side is arranged to transmit the basm
picture element data also for the picture element blocks
allocated to the modes ¢ and p as well as those allocated
to the mode e as mentioned in the foregoing. On the side
of the receiver, therefore, an absolute value of a differ-
ence in basic picture element information between a
preceding image plane and the present image plane is
obtained. The difference value thus obtained is accumu-
lated by blocks (hereinafter referred to as basic picture
element block distortion Db). Then, the distribution of
the basic picture element block distortions Db becomes
as shown in FIG. 15, in which: A reference symbol
Db(p) denotes the basic picture element block distortion
of blocks having the distortion Dp in a smaller degree
than the distortion Dc. A symbol Db(c) denotes the
distribution of the basic picture element block distortion
of blocks having the distortion Dc in a smaller degree
than the distortion Dp. The former blocks having the
distortion Dp in a smaller degree represent a stronger
correlation between the preceding image plane and the
present image plane. The latter blocks having the dis-
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tortion Dc in a smaller degree represent a weaker corre-
lation. |

On the receiving side, therefore, the basic picture
element block distortion Db is computed for each
block. A suitable threshold value is set as indicated by a
symbol TH in FIG. 15. Then, data Dc/Dp can be ob-
tained indicating which is larger between the distortions
Dc and Dp by dividing the blocks according to this
threshold value TH. Any block that is transmitted not
in the mode e then can be discriminated between the
modes p and ¢ by means of this data Dc/Dp.

Therefore, a difference between the basic picture
element data produced from the switch 409 and that of
the preceding image plane obtained from the frame
memory 401 is computed. Further, the basic picture
element block distortion Db which is a total of the
difference thus obtained for every block 1s computed by
a basic picture element block distortion Db computing
circuit 402. The basic picture element block distortion
data Db which is thus obtained is supplied to a compara-

~ tor 403. If the data Db is found to be smaller than the
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threshold value TH, the picture element block is consid-
ered to have the distortion Dp in a smaller degree than
the distortion Dc. The data Dc¢/Dp indicating a magni-
tude relation between the distortions Dc and Dp and
the transmitted mode information data e/e are supplied
to a computing circuit 410 which performs a computing
operation on them to obtain data p/p indicating
whether the applicable block is in the mode p or not in
the mode p. The data p/p thus obtained is supplied to
the frame memories 401 and 406. In accordance with
this data, rewriting actions on the frame memories 401
and 406 are inhibited for the picture element blocks
transmitted in the mode p while the data of the preced-
ing image plane remains intact. If the intact data is mode
e transmitted picture element data, a reproduced image
plane is obtainable in a satisfactory state.

With the picture element data which is stored at the
frame memory 406 for all picture elements renewed in
the manner described above, an analog image signal 1s
produced from a D/A converter 407 by a readmg ac-
tion on the converter 407. -

It is apparent from the foregoing description that the

‘transmitting system is capable of giving an analog image

signal of a high degree of resolution for the still areas of
the image planes. Further, in the embodiment de-
scribed, the basic picture element data is arranged to be
transmitted for the picture element blocks to be trans-
mitted in the mode p as well as that of the blocks to be
transmitted in the mode c. This arrangement, however,
may be replaced with some other arrangement
whereby, for example, all the four picture elements are
generated on the transmitting side in a black or white
color or in some other special pattern and are transmit-
ted in such a special pattern and, on the receiving side of
the system, the data Dc/Dp is obtained by detecting the
special picture element pattern. Further, in this embodi-
ment, the data e/e and the data Dc/Dp are used in
obtaining the data p/p However, in place of this ar-
rangement, the transmitting side may be arranged to
generate the data p/p in place of the data Dc/Dp and to
transmit it as picture element information as mentioned
in the foregoing or to transmit the data p/p as mode
information.

In cases where the data p/p is to be transmitted as
mode information indicating the mode p, the picture
element data of the preceding image plane may be ar-
ranged not to be transmitted. In that instance, with the
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compressing rate fixedly set at 3, the variations in the
mode allocating ratios are as shown mn FIG. 9. As
clearly shown in the lower part of FIG. 9, the mode
assigning or allocating process is performed in the same
manner as in the case of the two-dimensional TAT
method in cases where is no correlation between a pre-
ceding image plane and an ensuing image plane. Fur-
ther, in that instance, the number of picture element
blocks to be transmitted in the mode e increases accord-
ing as the correlativity among image planes increases in
the time base direction.

The second embodiment which is arranged as de-
scribed above is capable of consecutively transmitting a
temporally correlated group of image planes by advan-
tageously utilizing the temporal correlativity of the
image planes without increasing the amount of informa-
tion on the transmitting modes employed. Therefore,
transmission can be accomplished with a high degree of
efficiency. |

A third embodiment of this invention is arranged as
described below:

FIG. 16 shows in outline the arrangement of the
transmitting side of a transmitting system arranged as
the third embodiment of this invention. In this embodi-
ment, the invention is also applied to an analog trans-
mission system. In FIG. 16, data of a preceding image
plane is indicated with double lines and the data of the
present image plane with single lines.

The incoming analog image signal 1s converted into a
digital signal by an A/D converter 500 and the whole
picture element data i1s produced. The whole picture
element data is supplied to a thinning-out or skipping
circuit 501 in the same manner as in the case of the
two-dimensional TAT method. The circuit 501 per-
forms a thinning-out process corresponding to the ¢
mode pattern mentioned in the foregoing. Mode ¢ pic-
ture element data (basic picture element data) is thus
obtained. The mode ¢ picture element data is supplied
to an interpolation circuit 502. The circuit 502 performs
a computing operation to obtain interpolation picture
element data corresponding to skipped or thinned out
picture element data.

A process of determining one of the three modes ¢, ¢
and p to be used in transmitting each picture element
block i1s performed in the following manner: First, a
difference between reproducible picture element data
by the mode e transmission like in the case of the two-
dimensional TAT method and reproducible picture
element data by the mode e transmission is computed
from the output of the A/D converter 500 and that of
the interpolation circuit 502. A total of this difference
for each of the picture element blocks (hereinafter re-
ferred to as block distortion Dc) 1s computed by a block
distortion Dc computing circuit 503.

Meanwhile, a difference between each picture ele-
ment data of a previously transmitted image plane
which is stored at a frame memory 504 and each corre-
sponding picture element data of the present image
plane is computed. Then, in the same manner as men-
tioned above, a total of the difference for each of the
picture element block (hereinafter referred to as block
distortion Dp) 1s computed by a block distortion Dp
computing circuit 505. A comparator 506 then com-
pares these data Dc and Dp with each other. In other
words, the comparator 506 is arranged to find for each
of the picture element blocks which of the mode c trans-
mission and the mode p transmission will give a repro-
duced image plane with better fedelity in reference to
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the mode e transmission. Therefore, transmission 1s not
performed in the mode c in the case of Dc>Dp and not
performed in the mode p in the case of Dc <Dp.

The comparator 506 then supplies a mode discrimina-
tion circuit 507 with data Dc/Dp indicating which of
the data Dc and Dp is larger and also with information
on a smaller value of the two data as data of a composite
block distortion Dm.

The mode discrimination circuit 507 assigns the mode
e to a predetermined number of the picture element
blocks one after another in the order of a larger value of
the data Dm. This assigning process is carried out in the
same manner as in the case of the two-dimensional TAT
method as follows: A threshold value of the composite
block distortion data Dm is first obtained on the basis of
the distribution of the distortion Dm among all the
picture element blocks. The mode e is assigned to the
picture element blocks having higher values of the data
Dm than the threshold value. The modes other than the
mode e are assigned to the blocks having a smaller value
of Dm than the threshold value. With the value of Dm
smaller than the threshold value, the mode ¢ is assigned
if Dp>Dc and the mode p if Dp<Dec.

With each of the picture element blocks allocated to
one of these modes e, ¢ and p as applicable in the above-
stated manner, the mode discrimination circuit 507 pro-
duces mode assigning information in two bit digital data
indicating the mode assigned. For example, the mode
indicating digital data is “11” for indicating the mode e;
“00” for the mode ¢ and “01” for the mode p. Further,
the mode discrimination circuit 507 produces the bit of
the higher order of the two-bit data from one terminal a
thereof and the bit of lower order from another terminal
b thereof.

Further, the case of this embodiment, information on
the transmitting mode is transmitted in the form of one-
bit digital data simply indicating the use of the mode e
or nonuse of the mode e. No mode information is trans-
mitted indicating use of the mode ¢ or the mode p. To
make up for the absence of the mode information, the
basic picture element data of the preceding image plane
is transmitted for the picture element blocks which are
allocated to the mode p in the present image plane. This
arrangement enables the recetving side to discriminate

the use of the mode p.
The arrangement to transmit the basic picture ele-

ment data for the picture element blocks allocated to
the mode p enables the system to retain interchangeabil-
ity with the two-dimensional TAT method. Therefore,
even if the mode p is mistaken for the mode ¢ on the
receiving side, reproduction still can be accomplished in
the mode ¢ by having recourse to the mode p basic
picture element data, so that a reproduced image in that
event can be saved from being excessively degraded.
Since the whole picture element data of the preced-
ing image plane is stored at the frame memory 504, the
basic picture element data of the preceding image plane
can be obtained by carrying out a thinning-out process
at a thinning-out circuit S08 which is arranged in the
same manner as the thinning-out circuit 501. Further,
with this embodiment arranged to generate the basic
picture element data by using the picture element data
of the preceding image plane stored at the frame mem-
ory 504, the receiving side of the system can make a
discrimination between the modes ¢ and p for the pic-
ture element data transmitted without being affected by
any distortion or noise that might take place on the
transmission line. |
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The picture element data thus generated in the above-
stated modes are stored at buffers 509, 510 and 511.
‘Then, the mode p picture element data, the mode e
picture element data and the mode ¢ picture element
data are selectively supplied to a digital-to-analog
(D/A) converter 514 via a switch 513.

The switch 513 consists of two switches 5132 and
5135 and 1s arranged to perform a switching operation
under the control of the mode information data pro-
duced from the mode discrimination circuit 507. The
connecting position of the switch 5134 shifts to one side
e thereof when data of *“1” is produced from the termi-
nal a of the mode discrimination circuit 507 and to the

other side e when data of “0” is produced from the

circuit S07. The connecting position of the switch 513b
shifts to one side c thereof when data of “1” is produced
from the terminal b of the circuit S07 and to the other
side ¢ when data of “0” is produced from the terminal b
of the circuit 507.

As mentioned in the foregoing, two-bit mode infor-
mation data are produced in parallel from the terminals
- a and b of the mode discrimination circuit 507. As a
result, picture element data corresponding to the mode
information data is supplied from the buffers 509, 510
and 511 to a D/A converter 514. Meanwhile the mode
information data which 1s a one-bit data indicating the
use of the mode e or nonuse of the mode e is alone
transmitted via another buffer 512.

The mode assigning or allocating ratio of the third
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and 606 for the picture element blocks which have been
transmitted in the mode p. The manner in which the
receiving side makes a discrimination between the
modes ¢ and p is as described below: |
As mentioned in the foregoing, the transmitting side
is arranged to transmit the basic picture element data for
the picture element blocks transmitted either in the
mode ¢ or in the mode p. Therefore, the absolute value
of a difference between the basic picture element of the
present image plane and that of the preceding image
plane is computed on the receiving side. The difference
value thus obtained is accumulated for each of the pic-
ture element blocks (hereinafter referred to basic pic-
ture element block distortion Db). FIG. 18 shows the
distribution of this distortion Db. In FIG. 18, a refer-
ence symbol Db(p) denotes the distribution of thé basic
picture element block distortion Db of the blocks hav-
ing the distortion Dp in a smaller degree than the distor-
tion Dc. Another symbol Db(c) denotes the distribution
of the basic picture element block distortion of the
blocks having the distortion Dc in a smaller degree than

- the distortion Dp. The former blocks having the distor-
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embodiment is set in the same manner as in the case of 30

the first embodiment and, therefore, 1s omitted from the
description given here. | |

FIG. 17 shows in outline the arrangement of the
receiving side of the transmitting system arranged as the
third embodiment of this invention. The analog picture
clement signal transmitted from the transmitting side
shown in FIG. 16 is converted into digital picture ele-
ment data at an A/D converter 600. A switch 605 is
controlled by the mode information signal which is also
transmitted. Under the control of this signal, the switch
605 produces the whole picture element data for picture
~ element blocks transmitted in the mode e. For the pic-
ture element blocks which are transmitted in the modes
other than the mode e, the switch 605 produces interpo-
lation picture element data processed by an interpola-
tion circuit 604, from one side e thereof. The switch 605
thus produces the whole picture element data obtained
on the basis of the picture element data transmitted. The
whole picture element data 1s supplied to a frame mem-
ory 606 which is provided for all the picture elements.

Meanwhile another switch 609 is arranged to pro-
duce via a thinning-out circuit 608 only the basic picture
element data of the picture element blocks transmitted
in the mode e and to produce without passing through
the circuit 608 the basic picture element data of picture
element blocks which are transmitted in the modes
other than the mode e. This switch 609 operates also
under the control of the mode information signal trans-
mitted. The switch 609 thus produces the basic picture
element data and supplies it to a frame memory 601
which is arranged to store the basic picture element
data.

However, since the transmitting side shown in FIG.
16 is not arranged to transmit any mode information on
the modes ¢ and p, the receiving side must be arranged
to find whether the picture element block transmitted
and received is in the mode c or in the mode p and to
inhibit any rewriting action on the frame memories 601
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tion Dp in a smaller degree represent a state in which
there is a strong correlation between preceding and
present image planes. The latter blocks having the dis-
tortion Dc in a smaller degree represent a state where
there is a weak correlation between preceding and pres-
ent image planes. The difference in correlativity results
in the distribution as shown in FIG. 18. |

On the receiving side, therefore, the basic picture -
element block distortion Db is computed for each pic-
ture element block and a suitable threshold value TH is
set as shown in FIG. 18. With the threshold value TH
used as a reference value, data Dc/Dp is obtained indi-
cating which of the distortions D¢ and Dp is larger. By
using this data Dc/Dp, the picture element block data
which is not transmitted in the mode e can be deter-
mined to have been transmitted in the mode p or in the
mode c. |

Referring further to FIG. 18, since the transmitting
side of this embodiment is arranged to transmit the basic
picture element data of the preceding image plane for
the blocks allocated to the mode p, the distribution
Db(p) on the transmitting side completely converges on
a zero point. The distribution Db(c) becomes as indi-
cated by a full line curve in FIG. 18. Further, the distri-
bution of the basic picture element block distortion Db
on the receiving side of the signals transmitted via a
transmission line is broadened out by transmission line
distortion, noises, etc. as shown by broken lines in FIG.
18. However, the distribution Db(p) and the distribu-
tion Db(c) never overlap each other. Therefore, the
possibility of any erroneous discrimination between the
modes p and ¢ can be minimized. Further, since the
distribution Db(p) remains almost zero in relation to
variations in the image signal transmitted, the threshold
value TH can be simply set by taking into consideration
only the variations of distribution Db(c) which take
place during transmission. Therefore, the threshold
value setting can be made within a wide range.

With the embodiment arranged in the abovestated
manner, a difference between the basic picture element
data produced from the switch 609 and the basic picture
element data of the preceding image plane obtained -
from the frame memory 601 is computed. In addition to
this, a basic picture element block distortion Db which
is a total of the computed differences obtained for each
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picture element block is computed by the basic picture
element block distortion Db computing circuit 602.

The basic picture element block distortion Db thus
obtained is supplied to a comparator 603 for comparison
with the threshold value TH. If the value of the distor-
tion Db is found to be smaller than the threshold value
TH, the picture element block 1s determined to have the
distortion Dp in a smaller degree than the distortion Dc.
The comparator 603 produces data Dc/Dp indicating a
magnitude relation between the distortions Dc and Dp.
The data Dc/Dp is supplied to a computing circuit 610,
which then performs a computing operation on the data
Dc/Dp and the mode data e/e received from the trans-
mitting side. The circuit 610 thus obtains data p/p
which indicates whether the applicable block 1s in the
mode p or in a mode other than the mode p. The data
p/p is then supplied to frame memories 601 and 606.

As a result, rewriting of the contents of the frame

memories 601 and 606 is inhibited for the picture ele-
ment blocks transmitted in the mode p. Therefore, the
- data of the preceding image plane remains intact. If the
data not rewritten is the picture element data of the
mode e, the image plane can be adequately reproduced.

The picture element data stored at the frame memory
606 which is provided for all the picture elements is
- renewed in the above-stated manner. Then, with a read-
ing action performed on a D/A converter 607, an ana-
log image signal is produced from the D/A converter
607. As apparent from the foregoing description, the
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difference from the preceding image plane and to make
a discrimination between the modes ¢ and p. This ar-
rangement enables the system to efficiently transmit
image information by utilizing the temporal correlation
between the image planes without increasing the
amount of mode data and without being affected by the
adverse conditions of the transmission line.

The image information transmitting system accord-
ing to this invention, as described in the foregoing, is
capable of continuously transmitting with a high degree
of efficiency a temporally correlated group of image
planes by utilizing their temporal correlation without
necessitating an increase in the amount of information
on the transmitting modes employed and without being
affected by the adverse conditions of the transmission
lines such as distortions, noises, etc. -

What is claimed is:

1. A system for transmitting image information sig-
nals consisting of information signals corresponding to
picture elements, a certain predetermined number of
said picture elements consisting each of continuous

- ‘pictures, comprising:

23

transmitting system of this embodiment is capable of 30

giving a high resolution analog image signal for the
image planes within a still region.

Further, in the third embodiment described, the basic
picture element data of the picture element blocks to be
transmitted in the mode p is arranged to be transmitted
in the same manner as in the case of the mode ¢. This
arrangement, however, may be changed to generate
and transmit all the four basic picture elements of the
mode p block in a special pattern such as in a black or
white color and to let the receiving side detect this
special pattern in transmitting the data Dc/Dp.

In the third embodiment, the data e/e and the data
Dc/Dp are used for obtaining the data p/p However,
instead of the use of the data Dc/Dp, the data p/p may
be generated on the transmitting side and transmitted in
transmitting the picture element data in the manner as
described in the foregoing or may be transmitted as
mode data.

In case that the data p/p is to be transmitted as mode
data indicating the mode information, the transmitting
side can be arranged not to transmit the picture element
data of the preceding image plane. In that instance,
variations in the allocating ratio of each mode become
as shown in FIG. 9 on the assumption that the rate of
compression is fixedly set at 2. |

As apparent from the drawing, the transmitting pro-
cess is carried out in the same manner as in the case of
the two-dimensional TAT method if there is no correla-
tion between preceding and present image planes. Fur-
- ther, in this instance, the number of picture element
blocks to be transmitted in the mode e increases if the
correlativity is high in the time base direction.

In the third embodiment, the transmitting side is ar-
ranged not to transmit any mode data indicative of the

35

40

45

>0

55

60

mode p but to transmit the basic picture element data of 65

the preceding image plane for the picture element
blocks allocated to the mode p. Meanwhile, the receiv-
ing side is arranged to compute the absolute value of a

(A) picture element data forming means for forming a
plurality of picture element data to be transmitted,
said picture element data forming means being
arranged to receive said image information signals
for every one of picture planes and to form said
plurality of kinds of picture element data, from the
received image information signals for one picture
plane, on the basis of a plurality of transmitted
picture element forming modes which involve pic-
ture elements to be transmitted, which are different
from each other, in number contained in a unit
picture element block consisting of a predeter-
mined number of picture elements;

(B) selecting means for selecting a kind of transmitted
picture element mode, said selecting means being
arranged to divide the received image information
signals for one picture plane into said unit picture
element blocks and to select any one kind of the
plurality of kinds of transmitted picture element
forming modes, for the respective ones of the di-
vided unit picture element blocks, with reference
to the transmitted picture element forming mode
for an already decided past picture plane; and

(C) transmitted signal forming means for forming one
signal to be transmitted, said transmitted signal
forming means being arranged to select any one of
the transmitted picture element data out of the
plurality of kinds of picture element data formed by
said transmitted picture element data forming
means, on the basis of the kind of transmitted pic-
ture element mode selected by said transmitted
picture element mode selecting means for every
ones of the unit blocks of the received image infor-
mation signals for one picture plane.

2. A system according to claim 1, wherein said trans-

mitted picture element mode selecting means includes:

(A) inter-block correlation detecting means for de-
tecting inter-block correlation of the information
signals corresponding to the picture elements con-
stituting the unit picture element block, said inter-
block correlation detecting means being arranged
to divide the received image information signals for
one picture plane into those of every ones of said
unit picture blocks and to detect said inter-block
correlation between the blocks of the picture ele-
ments constituting the unit picture element block,
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with respect to the respective one of the divided
unit picture block;

(B) mm-block correlation detection means for detecting
in-block correlation of the information signals cor-
responding to the picture elements constituting the 5
unit picture element block, said in-block correla-
tion detecting means being arranged to divide the
received image signals for one picture plane into
those of every ones of said unit picture blocks and
to detect the in-block correlation of the informa- 10
tion signals corresponding to the picture elements
constituting the unit picture element block;

(C) holding means for holding the transmitted picture
element forming mode information relating the
transmitted picture element forming mode already
decided for each unit picture element block of the
past picture plane; and

(D) deciding means for deciding the transmitted pic-
ture element forming modes for the respective unit
picture element blocks, depending upon the inter-
block correlation detected by said inter-block cor-
relation detecting means, the in-block correlation
detected by said in-block correlation detecting
means and the transmitted picture element forming
mode information held by said transmitted picture
element forming mode information holding means.

3. A system according to claim 2, wherein said trans-
mitited picture element forming mode information hold-
ing means is arranged to hold the transmitted picture ,,
element forming mode information relating to the trans-
mitted picture element forming mode decided for each
unit picture element block of the image information
signals for one-preceding picture plane.

4. A system for transmitting image information sig- ;s
nals consisting of picture elements, whereby each of
continuous picture consists of a certain predetermined
number of picture elements, comprising:

(A) picture element data forming means for forming a
plurality of picture element data to be transmitted, 4
said picture element data forming means being
arranged to receive said image information signals
for every one of picture planes and to form said
plurality of kinds of picture element data, from the
received image information signals for one picture 45
plane, on the basis of a plurality of transmitted
picture element forming modes which involve pic-
ture elements to be transmitted, which are different
from each other in number contained in a unit
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picture element block consisting of a predeter- 59

mined number of picture elements;

(B) memory means arranged to receive said image
information signals for every one of picture planes
and to be capable of storing the received image
information signals for one picture plane; 55

(C) transmission mode selection means arranged to
select either one kind of transmission modes out of
said plurality of kinds of transmitted picture ele-
ment forming modes for the respective unit picture
element blocks of the image information signals in 60
a current picture plane or non-transmission mode
in which no picture element in the unit picture
element block is transmitted, by using the received
image information signals for the current picture
plane and the image information signals for the past 65
picture plane stored in said memory means, and to
indicate inhibition of renewal of memory of the
information signals corresponding to the unit pic-

26

ture element block for which said non-transmission

mode was selected, in said memory means; and

(D) transmitted signal forming means arranged to
form transmission signals, by using either of the
plurality of kinds of transmitted picture element
data formed by said transmitted picture element
data forming means or the information signal
stored in said memory means, on the basis of the
kind of the transmitted picture element mode se-
lected by said transmitted mode selection means for
every ones of the respective unit blocks of the
received image information signals for the one
picture plane or the non-transmission mode.

5. A system according to claim 4, wherein said trans-

15 mission mode selection means includes:

(A) inter-block correlation detecting means for de-
tecting inter-block correlation of the information
signals corresponding to the picture elements con-
stituting the unit picture element block, said inter-
block correlation detecting means being arranged
to divide the received image information signals for
one picture plane into those of every ones of said
unit picture blocks and to detect said inter-block
correlation between the blocks of the picture ele-
ments constituting the unit picture element block,
with respect to the respective ones of the divided
unit picture block;

(B) in-block correlation detection means for detecting
in-block correlation of the information signals cor-
responding to the picture elements constituting the
unit picture element block, said in-block correla-
tion detecting means being arranged to divide the
received image signals for one picture plane into
those of every ones of said unit picture blocks and
to detect the in-block correlation of the informa-
tion signals corresponding to the picture elements
constituting the unit picture element block;

(C) transmitted mode information holding means for
holding transmitted mode information relating to
the transmission mode decided for each unit pic-
ture element block of a past-picture plane; and

(D) transmission mode deciding means arranged to
decide the transmission mode of the respective unit
picture element blocks, depending upon the inter-
block correlation detected by said inter-block cor-
relation detecting means, the in-block correlation
detected by said in-block correlation detecting
means and the transmission mode information held
by said mode information holding means and to
renew the memory only of the information signals
corresponding to the unit picture element block for
which the transmission mode including largest
number of the picture elements was selected to said
memory means.

6. A system according to claim 5, wherein said trans-

mission mode information holding means is arranged to

hold the transmission mode information relating to the
transmission mode decided for each unit picture ele-
ment block of the image information signals of one-
preceding picture plane. |

7. A system for transmitting image information sig-
nals consisting of information signals of picture ele-
ments, whereby each of continuous pictures consists of

a certain predetermined number of picture elements,

comprising:

(A) a transmission device including:
(a) first transmitted picture element data forming
means arranged to received the image informa-
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tion signal for every one picture plane and to
form first transmitted picture element data from
the received image information signal for one
picture plane on the basis of a first transmitted
picture element forming mode;

(b) second transmitted picture element data form-
ing means arranged to received the image infor-
mation signal for every one picture plane and to
form second transmitted picture element data on
the basis of a second transmitted picture element
forming mode in which the transmitted picture
elements in the unit picture element block con-
sisting of a predetermined number of picture
elements are smaller than those of the first trans-
mitted picture element forming mode;

(¢) third transmitted picture element data forming
means for forming third transmitted picture ele-
ment data from the image information signals
which already received for a past picture plane;
and

(d) transmission means arranged to form transmit-
ted signals by selecting either one of said first
transmitted picture element data, said second
transmitted picture element data or said third
transmitted picture element data of the picture
elements in the respective unit picture element
blocks from the received image information sig-
nals, and to transmit a transmission mode indicat-

S
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25

ing signal indicating whether the respective unit

picture element blocks are transmitted according 30

to said first transmitted picture element data or

not; and

(B) a receiving device, including:

(e) input means for receiving the transmitted sig-
nals and the transmission mode indicating signals
transmitted from said transmitting device;

(P) first memory means for storing the transmitted
signals received by said input means;

(g) second memory means for storing the transmit-
ted signals corresponding to the past picture
plane which have been already received;

35
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(h) comparison means for comparing the transmit-
ted signals received by said input means and the
transmitted signals stored in said second memory
means; and .

(i) storing operation control means for controlling
operation of storing the transmitted signals of
said first memory means, depending upon the
transmitted mode indicating signal received by
said input means and a result of comparison ef-
fected by said comparison means.

8. A system according to claim 7, wherein said com-
parison means includes a difference circuit detecting the
difference value between the transmission signals re-
ceived by said input means and transmission signals
stored in said second memory means so as to output the
difference signal having a level corresponding to the
detected difference value. |

9. A system according to claim 8, wherein said mem-
ory operation control means includes;

(a) judging means for judging the transmission signals
inputted by said input means as the second trans-
mission signals in case the transmission signals re-
ceived by said input means are indicated not to be
the first transmission signals by the transmission
mode indicating signals inputted simultaneously
and the difference signals outputted by said differ-
ence circuit is higher that a predetermined thresh-
old level and the transmission signals outputted by
said input means as the third transmission signals in
case said difference signals is lower than the prede-
termined threshold level; and

(b) control means for controlling the memory means,
depending on a result of judgment effected by said
judging means.

10. A system according to claim 9, wherein said con-
trol means controls said first memory means not to store
the transmission signals inputted by said input means in
case the transmission signals inputted by said input
means is judged not to be the third transmission signals

by said judging means.
% %X 3 *
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